A cDNA encoding a cysteine protease inhibitor (CPI) was isolated from the cDNA library of clamworm Perinereis aibuhitensis Grube. The deduced amino acid sequence analysis showed that the protein had 51%, 48%, and 48% identity with Zgc:153129 from Danio rerio, cystatin B from Theromyzon tessulatum, and the ChainA, stefin B tetramer from Homo sapiens, respectively. The gene was cloned into the intracellular expression vector pET-15b and expressed in Escherichia coli. The recombinant CPI (PA-CPI) was purified by affinity chromatography on Nicharged resin and ion-exchange chromatography on DEAE-Sepharose FF. The relative molecular mass of PA-CPI was 16 kDa as deduced by SDS-PAGE. Activity analysis showed that the recombinant protein could inhibit the proteolytic activity of papain. A constitutive and secretive expression vector was also constructed, and the cDNA encoding CPI was subcloned into the vector for extracellular expression. Western blotting analysis results showed that the PA-CPI was secreted into the medium. Bioassay demonstrated that E. coli DH5α harboring pUC18ompAcat-CPI showed a significant difference in mortality to the Asian longhorned beetle Anoplophora glabripennis compared with untransformed E. coli DH5α and control.
Wood-boring and bark beetles (WBBB) are among the most significant and worldwide forest pests [14] . With numerous invasive species, such beetles represent an important threat to the biosecurity of all forested countries [6, 17, 36] . The most taxa among invasive WBBB are bark and ambrosia beetles (Curculionidae: Scolytinae), longhorn beetles (Cerambycidae), and to a lesser extent other Curculionidae, jewel beetles (Buprestidae), and several other families [9] . The Asian longhorned beetle (ALB), Anoplophora glabripennis Motschulsky (Coleoptera: Cerambycidae), is a wood-boring beetle in the family Cerambycidae, native to China and Korea [31] as a major tree killer. The ALB grows and develops in a broad range of hardwood trees [35] , attacking apparently healthy, vigorous deciduous tree species that primarily include maple (Acer spp.), poplar (Populus spp.), and willow (Salix spp.) [20, 31] . The ALB has caused fatal damages in shelter forests and serious economic loss in North China [48] .
With an increase in international trade that involves untreated solid wood packing materials [3, 18, 46] , the ALB has been introduced into the North America [19] , Europe [21, 34] , and Japan [43] . From 1996 to 1998, most interceptions of beetles at ports-of-entry in the U.S.A. were associated with solid wood packing material. Coleoptera accounted for 94% of all pest interceptions, with the Cerambycidae accounting for 37% of all beetle interceptions [7] . The Japanese pine sawyer beetle, Monochamus alternatus Hope (Coleoptera: Cerambycidae), which is the transmission vector of pine wilt disease (PWD), is also a member of the family Cerambycidae. Both of them have caused heavy losses to the local economy and ecology.
To date, the primary methods used in the ALB eradication program include quarantine, removal of infested trees, and alternatively, trunk or soil injections of imidacloprid in host trees [44] . Because of the increasing public concern over the environmental impact of the pesticides, human health effects, and undesirable effects on non-target organisms, these management strategies are coming under *Corresponding author Phone: +86-532-85953710; Fax: +86-532-85950632; E-mail: rongguili@yahoo.com more critical consideration [23] . As such, alternative methods need to be developed to control ALBs.
Disruption of insect protein digestion by dietary proteinase inhibitors (PIs) has been suggested as an alternative to pest control [42] . PIs are thought to regulate endogenous proteases that have been isolated and characterized from mammals, plants, insects, and microorganisms [32] . PIs occur naturally in various plants and are believed to be one class of plant defensive proteins against insects [11, 15, 47] . The inhibitors discovered so far are classified as serine, cysteine, aspartic, and metalloprotease inhibitors based on the active amino acids in their reaction centers [4] . The PIs act by binding directly with the proteinases in the insect gut, thereby reducing the insect's digestive capacity, and then causing a reduction in the availability of amino acids necessary for their growth and development [8, 38] , or by interfering with important biochemical or physiological processes of insects, such as the proteolytic activation of enzymes or molting of insects [16, 29] . Previous reports showed that there are two major proteinase classes in the digestive systems of phytophagus insects: serine and cysteine proteinases. Lepidopterans have serine proteinases as the major digestive enzymes, whereas coleopterans and hemipterans have cysteine proteinases [39] . There also have been some reports that showed the successful cases for resistance of insects and pests using cysteine or serine PIs, such as the Colorado potato beetle [21] and root-lesion nematodes [34] .
Cysteine proteinase inhibitors (CPIs) have been isolated from various animal [33] and plant tissues [25] , and many of them have been characterized in terms of protein structure and inhibitory activity. Moreover, CPIs used for insect control mostly come from plants [42] . However, there are only a few reports describing the purification of CPIs from Annelida and applications of CPI in controlling insects. Lefebvre et al.
[28] isolated a cystatin B from the leech Theromyzon tessulatum, which belongs to the Annelida P. aibuhitensis Grube, a widespread, shore-inhabiting marine clamworm in Asia. It has been used in Chinese traditional herbal medicine for hundreds of years. In recent years, much attention has focused on the clamworm because it has been found to contain several bioactive peptides [30] .
In this study, we constructed a cDNA library of P. aibuhitensis, and a cDNA encoding CPI was identified. The gene encoding CPI was cloned into intracellular and extracellular expression vectors, respectively. Then the biological activity of the recombinant CPI and the insectcidal activity of E. coli harboring this gene were also investigated.
MATERIALS AND METHODS

Clamworm
The specimens of P. aibuhitensis Grube used to construct the cDNA library were collected at Jiaozhou Bay (Qingdao, China) in June 2006.
Bacterial Strains, Plasmids, and Culture Conditions E. coli DH10B, E. coli DH5α, E. coli BL21 (DE3) (Invitrogen, Grand Island, U.S.A.), and E. coli JM109 (Promega, Madison, U.S.A.) were used as the hosts for the construction of the cDNA library, cloning, and expression, respectively. Plasmid pAP3neo, pMD-18T Simple (TaKaRa, Dalian, China), and pET-15b (Novagen, Darmstadt, Germany) were used as cloning and expression vectors, and plasmid pUC18 (TaKaRa, Dalian, China) and pACYC184 (New England Biolab, Ipswich, U.S.A.) were used as templates to amplify the target DNA fragments by polymerase chain reaction (PCR). E. coli was grown at 37 o C in Luria-Bertani (LB) medium supplemented with appropriate antibiotic when required.
Construction of the cDNA Library P. aibuhitensis Grube was dissected and washed three times with sterile physiological saline solution. Total RNA was extracted with RNAiso Reagent (TaKaRa, Dalian, China), and mRNA was prepared from total RNA with the Oligotex-dT30 mRNA purify Kit (TaKaRa, Dalian, China). Then, total mRNA was reverse transcribed to the first strand of cDNA by using M-LMV reverse transcriptase (Promega, Madison, U.S.A.) and Oligo (dT) 1 6
. The cDNA was blunted with T4 DNA polymerase and ligated with a NotI adaptor. The cDNA was cloned into pAP3neo after being digested with NotI. The recombinant plasmids were introduced into E. coli DH10B to construct a cDNA library of P. aibuhitensis.
Sequencing and Analysis
The transformants were incubated and selected on LB plates supplemented with 100 µg/ml ampicillin (Sigma, St. Louis, U.S.A.), for 12 h at 37 o C. Colonies were picked and recombinant plasmids were purified from the transformants using a TaKaRa MiniBEST Plasmid Purification Kit Ver.2.0 (TaKaRa, Dalian, China), and the cDNA inserts were sequenced using an ABI PRISM 310 genetic analyzer (Applied Biosystems, Courtaboeuf, France). The positive clone encoding CPI was screened out from the resulting sequences by homology search using BLAST at the NCBI site (http://www.ncbi. nlm.nih.gov/BLAST/). The recombinant plasmid was designated as pAP3neo-CPI. The deduced amino acid sequence was assembled using the ExPASy translate tool. The signal sequence was predicted with SignalP (http://www.cbs.dtu.dk/services/SignalP). Homology alignment was performed with the ClustalW program and DNAstar software.
Cloning for Intracellular Expression
According to the sequenced cDNA of CPI, primers CPI-F and CPI-R (Table 1) were designed. PCR was performed to amplify the open reading frame (ORF) encoding the CPI using pAP3neo-CPI as the template, and primers CPI-F and CPI-R. The PCR product was digested with Nde and Xho, and cloned into the pET-15b vector to generate plasmid pET-15bCPI. The recombinant plasmid was transformed into E. coli DH5α. The transformants were coated onto LB agar plates supplemented with 100 µg/ml ampicillin and cultured overnight. The recombinant plasmids were extracted and the insert was verified by restriction enzyme analysis and sequencing.
Intracellular Expression and Purification of CPI Plasmid pET-15bCPI was introduced into E. coli BL21 (DE3) to construct engineering bacteria. A single colony of the engineered bacteria was inoculated into 20 ml of LB broth supplemented with 100 µg/ml ampicillin. The cells were grown overnight at 37 o C in
